lating plants with isolates of P. gregata is laborious and time-consuming. Moreover, assessment of BSR incidence is rendered difficult by seasonal and environmen-
ease resistance, insect resistance, and quantitative traits informative. Soybean breeding efforts can now be designed to incorpo- (Lawson et al., 1997; Mohan et al., 1997; Heer et al., rate the use of marker information when parental genotypes possess 1998). Selection of genotypes resistant to BSR by inocucontrasting banding patterns.
lating plants with isolates of P. gregata is laborious and time-consuming. Moreover, assessment of BSR incidence is rendered difficult by seasonal and environmen-B rown stem rot is a devastating fungal disease of tal variation (Nicholson et al., 1973) . Soybean breeding soybean (Glycine max) caused by Phialophora efforts to transfer BSR resistance to improved cultivars gregata, a soil-borne fungus. The pathogen infects host or soybean lines have been hampered by the low heritaplants through the roots and causes vascular and foliar bility (h 2 ϭ 0-0.38) of the trait (Sebastian et al., 1985) . injury to the susceptible plants (Allington and Chamber- Several examples of the application of molecular marklain, 1948; Mengistu and Grau, 1986) . The disease is ers in breeding programs have been presented. Simple prevalent in soybean producing regions of the northern sequence repeat (SSR) markers have been used for as-USA and Canada (Sinclair and Backman, 1989) and has sessing heterosis in rice breeding (Liu and Wu, 1998) . been estimated to cause a yield reduction of over 20
Random amplified polymorphic DNA (RAPD) and semillion bushels each year in the north central states quence characterized amplified region (SCAR) markers alone, depending upon environmental conditions were utilized to characterize anthracnose resistance in (Doupnik, 1993) . common bean (Young et al., 1998) and rust resistance Host resistance is the main means of controlling BSR.
in sunflower (Helianthus annuus L.; Lawson et al., 1998) . Plant introductions (PIs) have been identified as sources Marker-assisted selection (MAS) could facilitate the of non-allelic BSR resistance genes: PI 84946-2 for Rbs 1 development of BSR resistant genotypes. MAS is more (Sebastian and Nickell, 1985) (Willmot and Nickell, Gene introgression can readily be followed using molecular markers, which are not influenced by the environ- 
MATERIALS AND METHODS
Gibco-BRL PCR buffer, 1.5 mM MgCl 2 , 100 M each of dGTP, dTTP, dATP and dCTP, 0.5 U Taq Polymerase (GibcoGenomic DNA Extraction BRL), and 0.5ϫ SCR dye [6% (w/v) sucrose, 100 M cresol Forty-six BSR resistant or susceptible genotypes ( conditions for K375.sp1, 14H13.sp1, 21E22.sp1, 21E22.sp2, BSR resistant genotypes were derived from PI 84946-2 and 30L19.sp1, and 98P22.sp2 were as described above with the possess the Rbs 3 or Rbs 1 allele. Cultivars and PIs with other exception of the annealing temperatures which were as folsources of resistance were also included (Table 1) . Seed for lows: for K375.sp1, 14H13.sp1 and 30L19.sp1 the annealing each genotype was obtained from R. Nelson, curator of the temperature was 56ЊC; and for 21E22.sp1, 21E22.sp2, and USDA Soybean Germplasm Collection, Urbana, IL, or from 98P22.sp1 it was 62ЊC. Amplification products of 14H13.sp1, the R. Shoemaker laboratory, Dept. of Agronomy, Iowa State 21E22.sp1, 21E22.sp2, 30L19.sp1, 35E22.sp1, and 98P22.sp2 University, Ames, IA. Seedlings were grown in the greenhouse were digested with RsaI, MspI, HhaI, Hsp92II, HhaI, and and DNA was isolated by a method adapted from SaghaiEcoRI restriction enzymes, respectively, at 2 U/L for 1.5 h Maroof et al. (1984) . The first trifoliate was harvested, freezeat 37ЊC. dried, and ground. The DNA was extracted from 750 mg dried SSR analyses were carried out in 20-L reactions with 60 ng tissue with CTAB buffer followed by chloroform:isoamyl alcoof genomic DNA, 0.15 M of each primer, 1ϫ Gibco-BRL hol (24:1) separation and precipitated with 2/3 volume isopro-PCR buffer, 2 mM MgCl 2 , 200 M each of dGTP, dTTP, panol, rinsed with 80% (v/v) ethanol:15 mM ammonium acedATP and dCTP, 0.75 U Taq Polymerase (Gibco-BRL), and tate solution. After being air-dried, the DNA was resuspended 0.5ϫ SCR dye [6% (w/v) sucrose, 100 M cresol red). The in 1ϫ TE (Tris-EDTA) buffer.
thermal cycling conditions for the SSR assay were 94ЊC for 1 min followed by 45 cycles of 94ЊC for 30 s, 47ЊC for 30 s,
PCR Primer Design
and 68ЊC for 30 s. Amplification and digestion products of these markers were PCR primers were selected from DNA sequences by separated using a 2% (w/v) agarose gel in 1ϫ TAE (Tris/ OLIGO software (National Biolabs, St. Paul, MN). Oligonuacetate/EDTA) and visualized by ethidium bromide staining. cleotide primers for K375.sp1 and BSR3.sp1 were designed
The samples were electrophoresed for 3 h at 90 V. by means of the DNA sequences of RFLP probes K375 and RGA2, respectively.
Molecular Marker Evaluation
The Gm_ISb001 soybean genomic library (Marek and Shoemaker, 1997) was probed with the K375 RFLP probe to PCR and enzyme digest products were compared to determine the efficacy of distinguishing BSR resistance in different identify bacterial artificial chromosome (BAC) clones having cultivars and PIs. Restriction enzyme recognition site polysity of a locus, defined by Weir (1990) as the amount of polymorphism in homozygous progeny of a self-fertilizing species, morphisms and polymorphic amplification products were observed between the parents of several mapping populations has been used as an estimator of the polymorphism information content (PIC) value of a molecular marker (Anderson et al., including the parents of the population segregating for brown stem rot resistance, BSR 101 and PI 437.654. The gene diver-1992). The PIC value of a PCR-based marker was calculated as and one minor QTL in linkage group J (Fig. 1A) . A RILs were screened for BSR resistance by Lewers et al. (1999) . marker RGA2V-1. The K375.sp1, 14H13.sp1, 21E22. sp1, 21E22.sp2, 30L19.sp1, 35E22.sp1, and 98P22.sp2
RESULTS

markers mapped within the cluster of markers
Marker Identification
AAGATG152E, AAGATG152M, K375I-1, and ACAAGT260. Satt244 was mapped near the RFLP The method of location-specific molecular marker markers K005V-2 and G815V-1. All of these markers development, utilizing DNA sequences from RFLP are in the region of linkage group J identified to have the probes and BACs, was successful at generating markers maximum correlation with BSR resistance controlled which mapped to the region of interest on soybean linkbyRbs 3 , in BSR 101 ( Fig. 1 ; Lewers et al., 1999) . age group J (Fig. 1B) . Twenty-nine PCR primer sets The BSR3.sp1, K375.sp1, 14H13.sp1, 21E22.sp1, developed from BAC end sequences were discarded from further evaluation in this study due to lack of 21E22.sp2, 30L19.sp1, 35E22.sp1, 98P22.sp2, and polymorphism between BSR101 and PI437.654. The Satt244 markers were successful at differentiating markers BSR3.sp1, and K375.sp1 (Table 2) , developed among resistant and susceptible RILs. Three hundred from RFLP probe sequences were polymorphic in PCR twenty RILs were inoculated with Phialophora gregata amplification size between BSR101 and PI437.654. Two in a glasshouse by Lewers et al. (1999) and rated for PCR primer sets developed from BAC sequences were foliar disease severity from 0 (healthy) to 10 (all leaflets observed to amplify fragments polymorphic in size bedead or missing). We compared their foliar severity tween BSR101 and PI437.654 (data not shown), but results with our marker evaluation of the RIL populathese polymorphisms were not reproducible under strintion. Figure 2 shows the number of RILs within each gent PCR conditions and so were discarded from fur-BSR disease rating that were scored for the 'A' allele ther evaluation. Polymorphism between BSR101 and (derived from the resistant parent) or the 'B' allele. This PI437.654 was observed in six markers (14H13.sp1, figure indicates the number of RILs which would have 21E22.sp1, 21E22.sp2, 30L19.sp1, 35E22.sp1, and been incorrectly classified as resistant by the marker 98P22.sp2) developed from BAC end sequences after allele score as the selection criteria. For example restriction enzyme digest of the PCR product (Table  BSR3 .sp1 identified 148 RILs as potentially resistant 2). This study demonstrates the utility of BAC library on the basis of the 'A' allele, but 41 of these have disease sequences in conjunction with an experimental populaseverity ratings of 5 or greater (susceptible to highly tion segregating for the gene of interest as a source of susceptible). 30L19.sp1 identified 132 potentially resisnew markers that are polymorphic among a large group tant RILs, and 34 of these were rated 5 or greater in of genotypes.
the greenhouse disease severity screen. A set of 44 RILs was identified as highly resistant and a set of 49 RILs
Segregation Analysis
as highly susceptible to BSR based on foliar symptoms in relation to the parental genotypes (Lewers et al., RILs derived from a cross between BSR 101 and PI 437.654 were analyzed to confirm the usefulness of 1999). These markers were able to identify highly resis- identified as resistant or susceptible to brown stem rot on the basis of GRIN data (Fig. 3) and the smallest for 98P22.sp2. A larger PIC value indicates a greater likelihood that polymorphism will be observed between any two genotypes. In a soybean tant genotypes with an accuracy of 90% or greater, and breeding program to transfer BSR resistance due to the susceptible genotypes with a greater than 85% accuracy Rbs3 gene, a susceptible cultivar could be used as one (Table 3) . These markers will be particularly useful for parent and a resistant cultivar with a dissimilar PCR banding pattern could be used as the other parent. The monitoring soybean populations segregating for Rbs 3 . Fig. 3. Amplification banding patterns of BSR3.sp1, K375.sp1, 14H13.sp1, 21E22.sp1, 21E22.sp2, 30L19.sp1, 35E22.sp1 (Eathington et al., 1995;  brown stem rot resistance in soybean cultivar BSR 101. J. Hanson et al., 1988; Willmot and Nickell, 1989; SebasHered. 86:55-60. tian and Nickell, 1985) . (Fig. 3) . Therefore, the use of these markers in 
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